Abstract: Mast cells (MC) are source of many biological active compounds like cytokines, arachidonic acid derivates, proteoglicanes, prostaglandins, proteases, free oxygen radials, NGF, PAF and many more. The role of MC in pathogenesis of Hirschsprung's disease (HD) is not clear. Substances produced by MC may exert an important effect on embryology, growth, differentiation and regeneration of intestinal nervous system. Additionally, MC products modulate inflammation processes thus influencing on the clinical course of HD. Present study was established to evaluate the morphologic MC examination as a support of making diagnosis in HD. The MC topography and morphometry were evaluated in specimens collected from aganglionic colon of patients with diagnosed HD. The results were compared with corresponding data from normally innervated colon of patients suffering from constipation, and normal colon of children not presenting defecation problems. MC were visualized using indirect immunohistochemical method LSAB with mouse antibody against human tryptase. The MC visualized in submucosa and muscular layer in Hirschsprung's disease were significantly larger in comparison with control group (p<0.05). Also the number of MC/mm 2 in mucosa and lamina propria in HD was significantly elevated (p<0.05). However, the MC density in submucosa was also higher but it was not high statistically significant. In muscular layer and in serosa density of MC/mm 2 was not statistically significant. In the intestinal wall MC in aganglionic segment in Hirschsprung's disease are significantly activated comparing with normally innervated colon segments taken from the patients from other groups. This may confirm the role of MC both in pathogenesis of HD and in the reparation processes of bowel nervous system.
Introduction
Hirschsprung's disease (HD) is rare (1/5000 newborns) but potentially severe illness resulting from the bowel nervous system dysfunction. Symptoms of HD like delayed meconium passage in newborns, intestinal obstruction, constipation toxic megacolon, as well as failure to thrive, are consequences of absence or hypothrophy of intramural nervous ganglia. The aganglionic colon wall segment contains instead increased number of hypertrophied parasympathetic nerve trunks. Although intensively studied, the details of multifactorial pathogenesis of HD remain not clear [1] [2] [3] [4] .
Mast cells (MC) are known to be involved in many functions in human body. They are observed in great amount in contact with blood vessels and nerve fibers [5] [6] [7] [8] [9] [10] 23] . Among a great variety of biological active substances, MC synthesize, store and release neuronal growth factor (NGF) responsible for the growth and repair of nerve fibers [11] [12] [13] [14] [15] [16] . The role of NGF in pathogenesis of HD is not known.
The purpose of our study was to estimate significance of morphometric MC study for diagnosis of Hirschsprung's disease.
Materials and methods
The study was performed on distal colon wall specimens harvested from three groups of patients. In group 3 (colon aganglionosis, n=9) and group 2 (constipation, normal ganglion cells, n=6) the full thickness samples were taken transtectally 1-2 cm above dental line. In group 1 (normal bowel function, normal ganglion cells, n=7) the colon wall was sampled during surgical repairs performed because of anal atresia. The age of the patients ranged from 1 month to 12 years. The samples were examined according to the routine methods used to confirm or exclude diagnosis of Hirschsprung disease [2, 17] . The diagnosis of HD was based on clinical symptoms, radiological findings, rectomanometric results. In every case the final diagnosis was confirmed histologicaly. None of the patients presented episodes of enterocolitis during or before biopsy. The patients with intestinal neuronal dysplasia were excluded.
The bowel wall specimens were fixed using a standard buffered 4% paraformaldehyde aqueous solution, executed through alcohol solutions due to standard technique protocol and embedded in paraffin. Staining was performed on 5 μm paraffin sections which were first heated and then deparaffinised. Visualization of antibodies was obtained using LSAB technique according to manufactures protocol. Mast cells were localized in standard paraffin sections using immunohistochemical methods. Indirect biotyn-avidin-peroxidase technique with anti-human monoclonal antibodies was used. Visualization for the peroxidase was achieved by addition of 3,3'-diaminobenzydine as a substrate. Mast cells were localized using monoclonal antibody -Monoclonal Mouse Anti-Human Mast Cell Tryptase, Clone AA1, Isotype IgG1 (DakoCytomation, Code M 7052). In further stages we used antimouse antibody combined with biotin and peroxidase (Large Volume Dako LSAB® + Kit, Peroxidase, K 0690). Sections were counter-stained with haematoxylin.
The density of the mast cells was calculated using a light microscope Reichert-Jung with digital camera CCD Color Camera combined with IBM computer. LUCIA software was used as a morphometric tool. The MC were counted in five random fields in every layer of the bowel using light microscopy (x200). Morphometric MC measurements (length, width, area, volume, elongation) were performed in 50 random cells in submucosa and muscle layer in patients with HD and in control group. Test for the significance of differences between groups were performed using the KruskalWallis and U-Mann-Whitney tests.
Results
Significantly larger number of MC in mucosa and lamina propria (p<0.05) was found. In submucosa and muscle layer the difference was noticed but it was not statistically significant (p>0.05; p<0.1). In the serosa there was no statistic difference in number of MC between groups (p>0.1). Using statistic tests all measured morphometric parameters of the MC, except elongation, were significantly higher (p<0.05) in patients with Hirschsprung disease.
We found, that MC were localized besides blood vessels and in contact with hypertrophic nerve trunks in aganglionic segment from HD (Fig. 1) . In all diagnosed groups MC were localized in the greatest amount in mucosa and submucosa (Fig. 2, 3) .
Mast cells in patients with Hirschsprung's disease, in light microscopy, were morphologicaly similar to cells in control group. In all cases they presented morphology typical for MC and they can be described as "fried eggs". We also found out, that muscle layer in control group had smaller number of MC in comparison to muscle layer of patients with HD. MC were localized in muscle layer solitary or in groups (Fig. 4,  5) . Results are summarized in Table 1 , 2 and 3.
Discussion
MC have been found to be involved in many reactions in human body. They can be found in many tissues. A large number of MC is localized on the border of our body and external environment, especially in skin, lungs and digestive tract. They are also localized near nerve fibers and blood vessels. Releasing numerous products contained in their cytoplasmatic granules, MC regulate and orchestrate many different physiological processes. MC, through neuronal growth factor (NGF) influence also on nervous system [6, 11, 12, 15, 16, [18] [19] [20] . Other authors [13, 14] showed elevated content of NGF and increased number of MC in the aganglionic colon wall in Hirschsprung's disease in children. There are just three papers in literature about mast cells in Hirschsprung's disease. It was found in the present study, that morprometric parameters in aganglionic segment are increased comparing with normally inervated colon. Enlargement of MC is an indirect proof of MC activation in HD. It is hard to say why these cells are activated in aganglionic segment. Morphology of MC in both groups is the same so the biological role should be also similar. In physiological conditions they are responsible especially for inflammation but among many other functions of mast cell they probably play role in reinervation process. It is very interesting that in aganglionic segment of the bowel wall all measured parameters of the MC are significantly higher compared with control group. During activation process MC produce, cumulate and release great amount biologically active substances in their cytoplasmatic granules. Probably some of these substances can effect on defected nervous system. Furthermore, we also noticed that some of the colon mast cells in HD were located near or they were even attached to the hypertrophic nerve trunks. This is another proof of connection between defected nervous system in aganglionic bowel and mast cells. We don't know how close this connection is but MC probably affect on hyperthrophied nerve trunks. We couldn't observe this in normal bowel wall with regular ganglions.
We also analyze density of the mast cells in each layer of the large bowel. Other authors analyzed distribution of MC along and across of digestive tract [5, 9] . We revealed that there is a greater number of MC in mucosa, lamina propria, submucosa and muscle layer of the large bowel in patients with Hirschsprung's disease. There was no difference in density of the MC in serosa. This is quite similar with findings of other authors [13, 14] . This also proves that higher number of mast cells is probably caused by defect of the nervous system.
Mobilization and activation of the mast cells can be directed to repair defective nervous system. Obviously, MC repairing reaction is not effective in restoring nervous system function of the gut. Although in HD we have probably activated MC and they are probably producing larger amount of NGF we still have defective nervous system and all symptoms related with this. So this is certain that NGF it is not single substance responsible for repairing [18, 21, 22] .
We still don't know exact role of MC in Hirschsprung's disease. The data are not enough to support the fact that MC are a part of repairing system of defective nervous system of the bowel in HD, but this data suggest that they play an important role in pathogenesis of HD.
